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1 Abstract 
This document describes the detailed operations principles for NIRCam photometric 
observations of transit, eclipse, and rotational phase-curve observations of extra-solar 
planets. In the following we use ‘transit’ as a shorthand for all three.This concept also 
applies to photometric observations of stellar occultations by objects in our own solar 
system. Most transit observations will target planets orbiting (and spatially un-resolved 
from) bright stars. Data sets will consist of very long, uninterrupted observations. 
Exoplanet transit science requires exquisite photometric precision (< 0.1%), so stability 
of detector operation and minimizing observatory pointing and other disturbances are 
critical.  The NIRCam subarrays and short-wavelength channel weak lenses are required 
to avoid detector saturation for the brightest sources, and the latter also mitigate flat-
fielding uncertainties. The collection of data from just two detectors is required to limit 
data volume for these observations.  
This document only discusses photometric observations of transits through filters and 
using a fixed pointing. Spatial scanning, a mode used extensively for HST transit 
observations, does not appear to offer significant advantages for NIRCam photometric 
transit observations, as summarized below. Spectroscopic observations of transits using 
the NIRCam slitless grisms will be described in a future operations concept.  

2 Introduction 
The detection and study of transiting exoplanets is one of the most exciting scientific 
programs anticipated for JWST. As pointed out in Sahu et al. (JWST 001999, SM-12), 
observations of exoplanets transiting and being eclipsed by their bright host stars will 
involve long-duration observations (lasting up to a few days), typically with quite short 
integration ramps. As a result, many of these observations will use subarrays and/or the 
short-wavelength channel weak lens to defocus the images to improve saturation limits. 
Integrations will typically retain every non-destructive read of the detectors (as opposed 
to performing on-board co-adding of those reads), so data rates will be both sustained and 
high relative to other types of observations. 
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The high data rates and long monitoring periods for typical transit observations have the 
potential to severely strain the on-board storage and downlink bandwidth capabilities of 
JWST. Strategies to lessen this impact are to use subarrays, collect data only from two 
NIRCam detectors, and to allow on-board coadding of multiple integration ramps prior to 
storing the data on the solid-state recorder (SSR).Users will not have a choice of which 
NIRCam module to use for transit observations; the module will be predetermined by the 
instrument team in order to limit the number of instrument modes that need to be 
supported in software testing, and calibration activities required to produce science data. 
The final choice of the NIRCam module will depend on the quality of the detectors that 
are ultimately flown, and how those are arranged into the focal-plane arrays. Because the 
longwave slitless grisms in Module-A have AR coatings on both surfaces (as opposed to 
single-surface coating on Module-B), Module-A is preferred for grism observations. For 
simplicity, Module-A may also be chosen for photometric observations. Ultimately the 
choice may only be finalized after on-orbit commissioning and characterization. 

3 Targets of Transit and Occultation Observations 
The requirements for observing transits flow from the nature of the transiting-planet host 
stars, from the nature of the light-curves that result from such transits, and from the types 
of data scientists will wish to obtain. At this stage of the JWST project (pre-launch), we 
should try to provide an observing template that will allow observation of typical transits. 
After launch, when there is more knowledge and experience available, the transits 
activity can be updated to allow observations of more challenging targets. The 
requirements for observing occultations of stars by bodies in our own solar system are 
quite similar to those for transits, the main differences being that the events are much 
shorter in duration and require less photometric precision.  

Table 1 summarizes the basic character of transit and occultation observations that 
JWST/NIRCam should support early in the mission, and serves as a reference for the 
discussion of requirements that appears in the rest of this document. While events deeper 
than 1% are theoretically possible, they could presumably be done from the ground. 

Table 1 Characteristics of Transit and Occultation Targets and Lightcurves 

Parameter Exo-planet Transits Stellar Occultations 
Stellar K-band Vega Magnitude 5 – 16 5 – 16 
Stellar R-K Color (A0V – M5V) 0 – 5 0 – 5 

Lightcurve 
Depth 

Primary Transit 0.01% – 1% 
1% – 100% 

Secondary Eclipse 0.01% – 0.1% 
Event Duration (excludes pre/post-event 
baseline) 1 – >12 hours 10 sec – 5 min 

Needed Time Resolution 1 min – 1 hour 0.1 – 1 sec 
Needed Photometric Precision  
(per time resolution element) 

0.1% (0.01% desired) 2% 

Photometric Precision per event 10-6 0.1% 
Wavelengths Range Available 0.7 – 5 µm 0.7 – 2.3 µm 
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4 Supported Instrument Configurations 
With a filter wheel and a pupil wheel in each of the shortwave (SW, 0.6 – 2.4 µm) and 
longwave (LW, 2.5 – 5 µm) channels, plus numerous subarrays and detector readout 
modes, NIRCam can be configured in many different ways. However, not all of those 
configurations are sensible from a science or operational standpoint, and supporting all 
possible configurations for software development and testing, and in the calibration 
program would be inefficient. Here we summarize instrument configurations that will be 
supported for transit observations. These configurations allow acquiring data through a 
single SW filter LW filter data simultaneously, include all reasonable combinations of 
optical elements, meet data-volume and data-rate constraints, etc. In the following 
discussion of allowed optical element configurations, we assume that the SW and LW 
channels are configured to use the same-size subarray and exposure parameters. The 
justification for that constraint is given near the beginning of Section 5, where we discuss 
detector operations. 

4.1 Supported	  Shortwave-‐channel	  Optical	  Configurations.	  
The targets of transit observations are likely to be bright, and relative photometric 
stability is critical. Because of this, the weak lenses in the SW channel (only – none are 
present in the LW channel) are of significant interest for transit observations. They can 
provide extra dynamic range to help avoid saturation, and robustness against photometric 
variations caused by pointing jitter, by spreading the light out over many pixels. Figure 2 
shows an example weak-lens image obtained during ground testing. There are 4 values of 
defocus that can be attained by using the weak lenses, but modeling suggests that a single 
defocus value (either +8 or -8 waves) provides essentially all of the scientific benefit (see 
the Appendix for a discussion of the relative merits of the 8-wave and 4-wave 
configurations). There is no significant difference in the optical performance of the +8 
and -8 lenses, so the +8 weak lens (WLP8 SW pupil-wheel element) will be used.  

TheWLP8 lens is AR coated, with good transmission restricted to wavelengths longer 
than about 1.45µm, and poor and variable transmission shortward of that (see Figure 1). 
When combined with an element in the filter wheel (as it must be), the variable 
transmission at shorter wavelengths would significantly alter the effective wavelength of 
the shorter NIRCam filters. For objects with well-know spectra that wouldn’t be much of 
a problem. For an exoplanet with an unknown spectrum, determining the effective 
wavelength would be challenging, and result in uncertainties in interpreting the data in 
the context of other lightcurves at other wavelengths. As a compromise between these 
difficulties and the desire to offer the broad wavelength coverage and overlap with 
HST/WFC3, observations through the F140M and F150W filters are allowed (though 
they will have different effective wavelengths and significantly lower throughput than in 
normal imaging mode).The other SW filters will have slightly lower transmission when 
used with WLP8 than with the CLEAR element. This means that some extra calibration 
work (e.g. to characterize effective wavelengths, PSF vs. filter and spectral type) will be 
needed to fully support transit observations taken with the WLP8 element. Table 2 
summarizes the supported filter/pupil-wheel combinations in the SW channel, with green 
denoting allowed combinations and red denoting those that are not. 
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Table 2 Supported Short-Wave Optical Configurations 

Pupil	  
Wheel	  
Element	  

Filter	  Wheel	  Element	  

F070W	   F090W	   F115W	   F150W	   F200W	   F140M	   F182M	   F210M	   F197N	   F212N	   F150W2	  
CLEAR	   	   	   	   	   	   	   	   	   	   	   	  
WLP8	   	   	   	   	   	   	   	   	   	   	   	  
F164N	   	   	   	   	   	   	   	   	   	   	   	  
F162M	   	   	   	   	   	   	   	   	   	   	   	  

 
 

 
Figure 1 Measured transmission for NIRCam 8-wave weak-lens AR-coating witness samples show 
the highly variable and low transmission shortward of 1.6 µm 
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Figure 2 Image formed by the NIRCam WLP8 weak lens at 2.12µm. Background-subtracted total 
counts in a 132-pixel diameter aperture are only 2% different for the 1602subarray and 2562 
background image. This suggests that high precision photometry can be measured from the 
1602subarray (the smallest allowed in combination with WLP8), even though light from the source is 
visible at a low level everywhere in that subarray. The ratio of the peak pixel to average pixel over a 
132-pixel aperture is 4. Observations taken through the weak lens have a saturation limit 6.5 
magnitudes brighter than for in-focus images. 

4.2 Supported	  Longwave-‐channel	  Optical	  Configurations.	  
The filters allowed for use in the LW channel also depend on whether the WLP8 element 
is chosen in the SW channel (recall that no weak lenses are present in the LW channel).  
For equal-width bandpass filters, an in-focus LW image will have a count rate per pixel 
roughly 100 times higher than the defocused SW image.  Therefore, only the narrow-
band filters in the LW channel will provide useful data when used in conjunction with 
SW WLP8 observations with a matched subarray size and multiaccum pattern.  Medium 
and broad-band LW observations taken with broad-band SW WL8 observations for 
typical stellar spectra would result in a SW SNR too low for exoplanet work, or saturated 
LW data. Conversely, when the SW transit data is taken in-focus, the corresponding LW 
count rate per pixel will be roughly 5 times lower than the SW image for equal-width 
bandpass filters. Therefore, imaging in the LW narrow-band filters is disallowed when 
the SW transit observations are taken in-focus because these would result in very low 
SNR for the LW images for a matched subarray size and multiaccum pattern. If further 
testing shows that it is possible to take data using different-sized subarrays on the two 
detectors without incurring a noise penalty, we may revisit these constraints. For 
example, using a 1602 SW subarray and a 322 LW subarray would result in LW 
integration ramps 19 times shorter than those on the SW detector (for the same 
multiaccum parameters), making it possible to observe with WLP8 in the SW channel 
and a medium-band filter in the LW channel. 
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Table 3 Supported Long-Wave Optical Configurations 

SW	  Pupil	  
Wheel	   LW	  Filter	  
CLEAR	  
F162M	  
F164N	   F250M	   F300M	   F335M	   F360M	  

F410M	   F430M	   F460M	   F480M	   F277W	  F322W2	   F356W	   F444W	  

WLP8	  
F323N	  +	  
F322W2	  

F405N	  +	  
F444W	  

F466N	  
+F444W	  

F470N	  +	  
F444W	   	  

 

5 Supported Detector Configurations – Subarrays and Exposure Parameters  
Data volume is a significant concern due to the very long duration of transit observations, 
high observing cadence, the need, driven by the very bright exoplanet host stars, for 
MULTIACCUM modes with NFRAMES = 1 and NGROUPS = “a few”  (for the 
brightest targets). Data rates for the supported transit subarrays are 4-times lower than for 
full-array exposures (see next sections).  Additionally, storing data from only 2 detectors 
(1 SW and one LW) reduces the data rate to 40% of what it would be if data were 
collected from all 5 detectors in a NIRCam module.  The transits activity will have to 
implement at least some of these data rate mitigations to avoid exceeding the capacity of 
the Solid State Recorder (SSR). Here we summarize the data rate issues and outline our 
baseline plan for limiting data rates and volumes to acceptable values. We also note that 
one NIRCam module will be used for all transit observations. That module will pre-
selected by the JWST science and operations center and the NIRCam instrument team.  
Appendix B provides detail regarding details of detector readout and reset operations, 
subarrays, and how those determine frame read/reset times, integration times, maximum 
exposure times, etc. If terms and concepts in the remainder of this section need further 
explanation, the reader is referred to that Appendix. 

5.1 MULTIACCUM	  Exposure	  Summary	  
Table 4 summarizes the 9 NIRCam MULTIACCUM exposure modes (see JWST-OPS-
002843), the first 5 of which can be used for transit observations. The table also gives the 
length of an exposure for the 642 subarray, NGROUPS=[2,10], and NINTS=65535. Such 
integrations would be used for the brightest host stars. (See following sections for a 
discussion of how the values were computed and saturation limits for various 
MULTIACCUM modes.) The Medium and Deep exposure modes only add unique 
integration times > 500 sec.  

Table 4  Summary of 9 NIRCam MULTIACCUM Exposure Modes 

 Rapid Bright1 Bright2 Shallow2 Shallow4 Medium2 Medium8 Deep2 Deep8 

NGROUPS 1-10 1-10 1-10 1-10 1-10 1-10 1-10 1-20 1-20 

NFRAMES 1 2 2 2 4 2 8 2 8 

GROUPGAP 0 1 0 3 1 8 2 18 12 
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 Rapid Bright1 Bright2 Shallow2 Shallow4 Medium2 Medium8 Deep2 Deep8 

Tint  

(sec) 
0.10 – 
16.5 

0.15 – 
31.4 

0.20 – 
33.0 

0.35 - 
505 

0.44 - 
526 0.59 - 987 0.89 - 1052 

1.1 - 
1954 

1.4 - 
2019 

Texp,NG=2
64x64 

(hr) 1.8 2.7 3.6 6.3 8.1 10.8 16.2 19.8 25.2 

Texp,NG=10
64x64 

(hr) 9.0 17 18 42 44 83 88 164 169 

Utilization 
Only with642, 1602, 4002 
Subarrays Supported Not Supported for Transits 

 

5.2 Supported	  Subarrays	  
Photometric transit observations will simultaneously collect data from one shortwave 
(SW) and one longwave (LW) detector of the pre-selected NIRCam module. The 
subarray dimensions will be the same on those two detectors, as will the MULTIACCUM 
parameters controlling the exposures, regardless of the choice of SW and LW filter. (In 
fact all 5 detectors on that module will be configured using the same subarray dimensions 
and MULTIACCUM parameters, but data from the 3 other SW detectors will not be 
stored for downlink). These restrictions are intended to minimize the potential for higher 
noise due to cross-talk between the signal chains. These restrictions might be relaxed, 
however, if testing using flight electronics, cables and cable routing shows that cross-talk 
is unimportant, and there is a good science case (for example, allowing wider-bandpass 
LW filters to be used in combination with the SW weak lens). The allowed subarray sizes 
and positions are those defined for NIRCam point-source imaging in general and are 
summarized in Table 4. As for point-source imaging, the SW and LW subarrays are 
positioned such that both are centered on the science target. If full-frame images are 
taken, the source will be centered on one SW detector, and will be approximately 
centered in the corresponding quadrant of the LW detector. 

Table 5 Transit Subarrays 

Subarray Size 
(pixels) 

Frame Time 
(msec) 

FOV (arcseconds) 
SW LW 

642 49.4 2.05 4.16 
1602 277 5.12 10.4 
4002 1650 12.8 26.0 
Full-frame 10.74 (sec) 65.3 133 

5.3 Supported	  Exposure	  Modes:	  Data-‐Rate	  and	  Saturation-‐Limit	  Implications	  
The NIRCam transits template carefully restricts the supported combinations of subarray 
size and MULTIACCUM parameters, and only stores data from one SW and one LW 
detector. This operational design relieves the astronomer of the burden of needing to 
consider limitations on data rate/volume for their observation. Instead, they can focus on 
tailoring the subarray size and MULTIACCUM mode to balance the number of photons 



JWST-STScI-003400 
SM-12 SM-12 

 
Check with the JWST SOCCER Database at: https://soccer.stsci.edu 

To verify that this is the current version. 
 

 - 8 - 

collected per data ramp, saturation limit, and the desired time resolution. As we show 
below, the restricted set of MULTIACCUM modes and subarrays supports a fully 
flexible observation design, and so is not expected to negatively impact science return. 
For all subarray (i.e. not full-frame) sizes, the supported MULTIACCUM modes are:  
RAPID (NFrames = 1, GroupGap = 0), BRIGHT (NFrames = [1,2], NFrames + 
GroupGap = 2), and SHALLOW (NFrames = [2,4], NFrames + GroupGap = 5), the latter 
providinghigher S/N in longer integration ramps needed for fainter flux levels, and doing 
so at lower data rates.   The MEDIUM and DEEP MULTIACCUM modes are not 
supported because the saturation limit - exposure time - data volume parameter space is 
adequately covered by the SHALLOW readout modes using larger subarrays. For full-
frame imaging, the entire set of MULTIACCUM modes (including MEDIUM and 
DEEP) are needed in order to allow continuous monitoring without exceeding the daily 
data-volume limits for observations using more than 2 detectors. For any of these 
supported MULTIACCUM modes, regardless of full-frame or subarray size, NGroups = 
1 – 10 is allowed. 
It is possible to achieve further reductions in data rate by on-board averaging of [2, 4, 8, 
or 16] contiguous integration ramps. This behavior can be specified using the 
NInt_Average parameter. At this time there is no intention to use values for the 
NInt_Average parameter other than one within the NIRCam transit template. 
Transit event duration is also a critical factor in observation design, in that it dictates the 
total duration of the observation needed for a given exoplanet. The observation duration, 
once the MULTIACCUM mode and subarray size are selected, is determined by the 
number of data ramps collected. Two parameters are available for this purpose, 
NExposure and NIntegration. In all other NIRCam templates, only NExposure is user 
selectable – NIntegration is automatically set to one. In those templates every image 
collected is the result of the on-board scripts issuing a command to NIRCam, and waiting 
for confirmation that the data collection is complete before proceeding (e.g. to issuing the 
next exposure command). This results in additional overheads between exposures, and 
variable timing between multiple exposures due to latencies within the interactions 
between the scripts, data acquisition software system, and NIRCam flight software. 

In the NIRCam transit template, NIntegration can be anywhere in the range 1 – 65535. 
For NIntegration> 1, the ASIC controls data collection with no interruption. A perfectly 
regular sequence of resets and sample-up-the-ramp integrations are collected until the 
commanded number of those integrations is reached. This approach provides much 
higher observing efficiency and very regular spacing of integrations than is possible if 
large numbers of individual exposures were commanded. These are highly desirable 
qualities in terms of collecting as many photons as possible, and for establishing exact 
timing of each integration within the time-series. By executing many integrations (as 
opposed to exposures), the detectors are operating in the most stable way possible. This is 
expected to produce significant benefits in terms of the photometric repeatability of the 
data – the most valuable coin in the realm of exoplanet transit studies.  
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In Figures 3, 4, and 5 we summarize the data rates and saturation limits for the supported 
subarray - MULTIACCUM mode combinations.  The required MULTIACCUM modes 
for the NIRCam photometric transits template are selected to span the expected parameter 
space of stellar magnitudes, integration times per ramp, and favor modes with lower data 
rates where possible. The figures show saturation limits in the F200W filter, which has a 
25% bandpass. Saturation limits in narrower filters and/or at longer wavelengths will 
obviously be brighter. Scaling to other filters is relatively straight forward (e.g. using the 
JWST exposure time calculator at: http://jwstetc.stsci.edu/etc/), so we do not present the 
saturation limits for other filters in this report. 
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Figure 3 The NIRCam data rate (GBytes/day/SCA) for the supported subarray - multiaccum 
combinations. Horizontal dotted lines show the daily data volume limit scaled for 2, 5 and 10 detector 
operations (we are baselining 2-detectors, in which case the top dotted line applies). Colors indicate 
the MULTIACCUM mode, and data rates are shown for NGroups = 1, 5 and 10. The 4 panels are for 
the three subarrays and full-frame mode. If data from only 2 SCAs are stored, all combinations 
except full-frame + RAPID may be used continuously for 24 hours and stay under the data volume 
limit.   With 2 full-frame SCAs, the daily data volume is exceeded for all RAPID modes and  
BRIGHT NGROUP > 2.   If data from 5 SCA are collected, the RAPID NGROUP > 2 for all 
subarrays.   In full frame mode for 5 SCAs, the daily data volume limit is exceeded for all RAPID 
and BRIGHT readout patterns and SHALLOW NGROUP > 1 patterns. 
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Figure 4 NIRCam F200W filter saturation limit (plotted as Vega K magnitude) vs. data-ramp 
integration time (TGroup x NGroup) for the supported NIRCam subarrays and MULTIACCUM 
modes. Colors and panels are the same as in Figure 3.Only the 160 and 400 subarrays may be used 
when the WLP8 weak lens is in the SW optical path (upper open diamonds). Saturation is assumed to 
begin to degrade the data when the signal in the peak (central) pixel reaches 72,000 e- (somewhat 
conservative for the new detectors installed in 2014). The count rate due to background (mostly 
irrelevant here) was taken as 0.18e-/s. The saturation limit with the WLP8 lens was scaled from the 
in-focus limit based on the WLP8 image diameter (132 pixels) and peak/average flux ratio of 4 for the 
defocussed image.  
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Figure 5 Summary of the observable-stellar-magnitude/integration-time parameter space for the 
NIRCam photometric transits template. Color-filled vertical bands represent the integration time 
domains where each of the 64, 160, 400subarrays and full-frame imaging are most likely to be used. 
Symbols along the diagonal lines defining the saturation limits show the available integration times 
per data ramp, which are quantized. Colors of the symbols correspond to the MULTIACCUM mode 
(although there is overlap of the modes when plotted over this wide a range in integration time). 
With the +8 weak lens, stars as bright as K(Vega) = 4 may be observed in 0.27 s exposures using the 
160x160 subarray in RAPID mode.  Without the weak lens, stars as bright as K(Vega) = 8.5 may be 
observed in 0.049 s exposures using the 64x64 subarray in RAPID mode.  

6 Target Acquisition 
There are two approaches to target placement for transit observations by current space 
observatories. One approach is to very precisely place all transit-science targets on the 
same set of pixels for all observations, and to hold the target position as constant as 
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possible during the observations. This approach has been used by Kepler and by Spitzer, 
and is to some degree necessitated by the fact that the pixels in their instruments under-
sample the telescope PSF. The other approach is to spread the signal from the science 
target over a large number of pixels and then rely on averaging over those pixels to 
mitigate the effects of inter- and intra-pixel response variation. This approach has been 
used, e.g., in the HST spatial-scanning technique (see Section 9). 
NIRCam is in a somewhat unique niche relative to these strategies. The weak lens allows 
light to be spread over many pixels, but only in the SW channel. The pixels Nyquist-
sample the PSF at wavelengths longer then 2 (4) microns in the SW (LW) channel, so 
intra-pixel sensitivity variations are inherently less important (and are also only about a 
2% effect – see report from the NIRISS team, Tim Hardy (NRC), March 19, 2014).  
Because some of the NIRCam transit data will be acquired using in-focus images, we 
expect that we will want to perform target acquisition at the beginning of transit 
observations. However, requirements only exist for coronagraphic target acquisition at 
this time. We also expect to need target acquisition for NIRCam LW grism observations 
of transits (for both photometric-repeatability and wavelength-calibration reasons). For 
now we defer defining details of target acquisition for these bright targets; that work will 
be reported in the grism-transit observations operations concept. 

7 Dithers. 
The photometric-transit activity is the only NIRCam feature in which dithering is 
disabled. In general, uncertainties in the knowledge of the flat-field are the limiting 
factor, and the effect of those uncertainties is minimized by keeping the source at exactly 
the same place on the detectors throughout the observation. For SW channel data 
acquired using the WLP8 element, flat-field uncertainties are very nearly irrelevant 
because the response is averaged over so many pixels. However, the LW channel data, 
and SW channel data taken using an in-focus image, will be subject to flat-fielding 
limitations, so dithers are not allowed within the transit activity. 

8 Spatial Scanning 
Spatial scanning has been used very successfully for HST observations of exoplanet 
transits. Scanning the source across the detector during an integration increases the 
saturation limit, minimizes the effect of flat-field correction uncertainties, and 
significantly increases the duty-cycle (i.e. efficiency) of the observation. The procedure 
and its benefits are described by McCullough and MacKenty (STScI SR WFC3 2012-08).  
Our analysis of spatial scans with JWST/NIRCam indicates that they do not offer 
significant performance advantages relative to staring-mode for photometric observations 
of transits. The key differences that feed into that conclusion are: 

1. The much lower slew rate supported by JWST (60 mas/s is the maximum rate that 
can be achieved while guiding). 

2. The relatively small overheads between resetting the detector and taking the first 
data sample (one frame time). 

3. The relatively high efficiency/duty-cycle (the minimum being 67% in RAPID mode 
with NGroups=2). 
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4. The support for small subarrays and correspondingly short integration ramps (less 
than 100 msec, see Table 2). 

5. The restricted throw (20 arcseconds) for any scanning motions executed using fine 
guide. 

6. Small intra-pixel sensitivity variations for the H2RG detectors. 
The simplest reason that scanning with NIRCam under fine-guide is not being considered 
is that the dwell-times of a source on NIRCam pixels (32 mas SW, 65 mas LW) at the 
highest scan rate (60 mas/s) are 0.53 and 1.1 seconds. These are long compared to the 
shortest supported integration time per data ramp, which is 100 msec. Formally data can 
be taken in RAPID mode with NGroups = 1, which gives an integration time of 49 msec 
(the duty cycle for such exposures would be 50%, and there would be a modest noise 
penalty from ‘kTC’ noise on the reset level). 
If higher slew rates are implemented for JWST it is possible that spatial scanning could 
be beneficial. However, given the current requirements/capabilities, we do not support 
spatial scanning for the NIRCam photometric transits template. 

9 Interactions with Observatory-level Operations. 
The duration of transit observations is extremely long, as discussed earlier and captured 
in Table 1. Photometric stability is key for doing the science, and could be negatively 
impacted by pointing disturbances or drift, interruptions to data collection (i.e. exposure 
breaks), thermal disturbances, etc. 
There are three primary ways in which observatory operations could impinge on 
exoplanet science observations. Since these are not specific to NIRCam observations, we 
briefly mention them and our assumptions about how they will be accommodated or their 
impacts minimized. The higher level concept of these operational issues will be the topic 
of a later report. 

9.1 High-‐Gain	  Antenna	  Re-‐pointings	  
The JWST high-gain antenna (HGA) is required to be pointed within 0.17 deg of the 
relevant ground station at all times such that contact with the observatory is always 
possible. To meet this requirement, the HGA must be allowed to move every 10,000 
seconds. Because such moves will result in a disturbance to the vehicle, science data 
collection is normally stopped during the move. The ‘visit’ being the quantum of science 
data collection, this has been implemented as a 9000 second constraint on the length of 
all visits. 
Transit observations would be negatively impacted by being broken up into such short 
exposures. The assumption here, and being made by the other SIs, is that transit 
observations will be allowed to continue through HGA re-pointings. Discussions with the 
science community indicate that the pointing disturbances caused by HGA motions are 
acceptable, and preferable to collecting the data in multiple exposures with several-
minute breaks occurring every time an HGA motion takes place. This is predicated on the 
following predictions made by the Attitude Control System engineers at Northrop-
Grumman: 
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1. The amplitude of the pointing disturbance from HGA re-pointings will be no more 
than 70 mas. 

2. The duration of the pointing disturbance will be between 30 and 60 seconds. 
3. The Fine Guidance Sensors will be able to remain in fine-guide mode through the 

disturbance, and accurately re-point to the target at the end of the disturbance to 
within the nominal pointing requirements. 

Details of how exposures will be allowed to continue through HGA re-pointings for 
observations defined under the transit template have not been worked out. Since this 
capability is desired for all instruments, it is our assumption that the capability will in fact 
be implemented and available. 
If HGA re-pointing during transit science exposures is in fact enabled, it will be very 
important to include information about those activities in the science data headers. At a 
minimum the time of such activities should be captured. Additionally, it would be useful 
to have a flag indicating which integrations were being taken during the HGA slew and 
observatory settling periods. Such a flag would allow observers to quickly ID such 
integrations and scrutinize photometry resulting from them, and perhaps apply enhanced 
processing steps.  

9.2 Momentum	  Management	  
Observatory momentum management (returning the reaction wheel assemblies to near-
zero rotation states) results in very large pointing disturbances. However, such activities 
are expected to be fairly infrequent. Even under worst-case model assumptions, 
momentum unloads are expected to only be required every 5 to 10 days. Because of this, 
scheduling of transit observations can be coordinated with momentum management 
activities as a part of building the observation plans for the observatory. 

9.3 Target	  of	  Opportunity	  Observations	  
Target of opportunity (TOO) observations can in principle be triggered (released for 
insertion into the observing plan) at any time, with a requirement that the observation 
could be executed within 24 (TBC) hours of triggering. Long transit observations could 
interfere with such a quick turn-around of TOO observations. Our assumption is that the 
need to choose between finishing a transit observation and taking a TOO observation will 
be exceptionally rare. Since it is possible to abort observations, and halt the observing 
plan, as needed, we further assume that the decision whether to continue a transit 
observation or to cancel or abort it and instead execute a TOO will be made on a case-by-
case basis by the Director. 

10  Outstanding Issues/Questions 
A few items remain to be investigated and may impact the operations concept outlined 
here. 

1. The point-source imaging subarrays are located well away from the edges of the 
detectors, and so do not contain reference pixels. If it is determined that reference 
pixels are necessary or desirable in achieving exoplanet transit science goals, the 
locations of the subarrays may have to be adjusted. 
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2. NIRCam flight software currently contains two restrictions that are inconsistent 
with this operations concept. First is that NINTS is limited to 1024, so there is no 
way to take advantage of the ability of the ASIC to perform up to 65535 
integrations autonomously. Second is that the software also restricts the total 
duration of any exposure to be 65535/2 seconds (9.1 hours – the register used is a 
signed integer, thus the division by 2 above). In an upcoming NIRCam flight 
software build (Sep. 2014) these restriction will be removed.  

3. This concept restricts MULTIACCUM and subarray modes in order to restrict 
data-rates to manageable levels (full-frame RAPID and BRIGHT exposures are 
not supported).  

4. This concept also disallows the use of the MEDIUM and DEEP 
MULTIACCUMS entirely. This restriction is based on the assumption that very 
slow observing cadences, high-levels of on-board co-adding, and transit 
observations of very faint sources will not be scientific priorities. The restriction 
does not serve any constraints regarding observatory resources, however, so it 
could be relaxed if a clear science case develops.  

11  Conclusions 
We outline here an operations concept for NIRCam observations of exoplanet transits and 
eclipses, with the goal of defining requirements for performing such observations on-
orbit. The same concept can be used for observations of exoplanet phase-curves, to the 
extent that those might be done by steadily staring at the exoplanet system over long 
periods of time (as opposed to re-visiting the system many times with shorter 
observations as has been successfully done with Spitzer/IRAC). This operations concept 
also applies for stellar occultation observations by solar-system objects.  
The concept provides significant flexibility in observation design, limits data-rate and 
data-volume to acceptable levels, and implements best-practice observational strategies 
gleaned from experts in the field of exoplanet observations. The operations concept 
presented here is not complete in every detail, but should serve as a solid foundation for 
development and refinement in the years prior to JWST launch. 
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Appendix A. Rationale for not Supporting Observations with WLP4 
We have determined that there is no need to support transit observations using both an 8-
wave and the +4 wave weak lenses. The +4 wave lens has a 2.5% bandpass F212N filter, 
restricting observations to a single wavelength. It also provides a factor of 12 less margin 
against saturation. It would provide 4-5 times better sensitivity than the 8-wave lens at 
2.12µm, but only at that wavelength.  
The ratio of the count rates, R, through the +4 lens (which has a 2.5% BP F212 filter on 
it) and the 8-wave lens + F212N (1% bandpass) is approximately: 
R+4 / R+8 = 2.5%/1% * 22 = 10 

where 2 is the ratio of the image diameters produced by the lenses (and 2^2 the relative 
signal dilution from spreading the light out). 

The +4 and 8-wave images have diameters of about 66 and 132 pixels. Thus the smallest 
desirable subarray sizes are roughly 96^2 (for +4) and 160^2 (for 8-wave). The ratio of 
the frame times for those is 0.38. Therefore the detector would saturate about 3.8 times 
faster (0.38 * 10) using the +4 lens than for the +8 lens. Conversely, one would get 
comparable SNR on a source 4.6 times fainter using the +4 lens. 
However, the 8-wave lens has an advantage in that it can be used in conjunction with 
other filters. In combination with F210M, one would achieve essentially the same 
sensitivity as with the +4 lens.  With F200W one would achieve higher sensitivity by a 
factor of 2 or so. 
Therefore, to reduce operational complexity and the need to photometrically calibrate 
additional observing modes, we propose that transit observation use either one of the 8-
wave weak lenses or an in-focus image, and that the +4 weak lens not be supported. 
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Appendix B: Exposure Parameters and Subarrays – General Considerations 
Photometric observations of transiting exoplanets require the collection of the largest 
possible numbers of photons from bright stars in short integration times monitored over 
periods of hours to days (Table 1).  The photon collection time for each integration (data 
ramp) needs to be short so that the signal does not saturate the detectors.   The signal per 
integration (or per some multi-integration binning interval) needs to provide 
exceptionally high S/N in order to detect 0.01% -0.1% depth transits. The total duration 
of the observation must span the transit and roughly equal time before and after the event. 
The cadence of data collection may need to temporally resolve the ingress/egress 
transitions (1m -1hr). The observing duty-cycle (ratio of time spent collecting photons to 
total duration of an observation) should also be as high as possible in order to collect as 
many photons as possible, again in order to achieve the highest S/N. All of these 
requirements should, however, be fulfilled without violating the JWST solid-state 
recorder daily data volume allocation for science data (57.5 GBytes per day = 471 Gbits 
per day). While this data-volume limit may be somewhat flexible (see Section 9, 
downlink activities), we strongly prefer to maintain significant margin relative to it so as 
not to drive planning and scheduling systems any more than necessary. 
The exposure time per data sample (i.e. per ‘frame’ or ‘read’) within a data ramp, and the 
astronomical field of view, depend on the chosen subarray size. The frame time as a 
function of subarray size is: 

𝑡!"#$% =
𝑁𝑐𝑜𝑙𝑠
𝑁𝑜𝑢𝑡𝑝𝑢𝑡 +   12 𝑁𝑟𝑜𝑤𝑠 + 1 ∗ 10  µμ𝑠𝑒𝑐 

Here Ncols and Nrows are the subarray dimensions, the integers account for ASIC 
telemetry overheads, and the clocking interval is 10 µsec. Noutput (one for subarray data, 
4 for full-frame data) is the number of H2RG output circuits used in parallel.  The frame 
times for supported transit-science subarrays are given in Table 5.  
Other quantities of interest follow from the frame time, and are functions of the 
MULTIACCUM exposure parameters. The data rate per detector depends on tframe and 
the exposure parameters (i.e. MULTIACCUM parameters NFrames, NGroups, 
GroupGap): 

𝑅 =   
𝑁𝐺𝑟𝑜𝑢𝑝𝑠×𝑁𝑟𝑜𝑤𝑠×𝑁𝐶𝑜𝑙𝑠×16𝑏𝑖𝑡𝑠

(𝑁𝐺𝑟𝑜𝑢𝑝𝑠× 𝑁𝐹𝑟𝑎𝑚𝑒𝑠 + 𝐺𝑟𝑜𝑢𝑝𝐺𝑎𝑝 −   𝐺𝑟𝑜𝑢𝑝𝐺𝑎𝑝 + 1)×𝑡!"#$%
 

Substituting for tframe from the first equation, it can be seen that the term 𝑁𝑟𝑜𝑤𝑠×𝑁𝐶𝑜𝑙𝑠 
appears, approximately, in both the numerator and denominator of the expression for R; 
consequently the data rate is nearly independent of subarray size except for very small 
subarrays. The data rate depends weakly on NGroups because of the overhead associated 
with the reset frame (‘+1’ term in the denominator). The duty-cycle is: 

𝐶! =   
𝑁𝐺𝑟𝑜𝑢𝑝𝑠× 𝑁𝐹𝑟𝑎𝑚𝑒𝑠 + 𝐺𝑟𝑜𝑢𝑝𝐺𝑎𝑝 −   𝐺𝑟𝑜𝑢𝑝𝐺𝑎𝑝

𝑁𝐺𝑟𝑜𝑢𝑝𝑠× 𝑁𝐹𝑟𝑎𝑚𝑒𝑠 + 𝐺𝑟𝑜𝑢𝑝𝐺𝑎𝑝 −   𝐺𝑟𝑜𝑢𝑝𝐺𝑎𝑝 + 1 
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B. 1 An example MULTIACCUM exposure defined by NGroups=4, NFrames=4, GroupGap=4, 
Nints=2. Prior to and after the exposure the detector is in idle reset mode with resets occurring every 
frame time. 

The duration of an integration (a single data ramp) sets the saturation limit, and depends 
on the frame time and on the same MULTIACCUM parameters as above. The integration 
time per data ramp is: 

𝑡!"# = (𝑁𝐺𝑟𝑜𝑢𝑝𝑠× 𝑁𝐹𝑟𝑎𝑚𝑒𝑠 + 𝐺𝑟𝑜𝑢𝑝𝐺𝑎𝑝 −   𝐺𝑟𝑜𝑢𝑝𝐺𝑎𝑝)  ×𝑡!"#$% 

 In the above expressions for R, DC and tint, the term NGroups x (NFrames+GroupGap) 
– GroupGap reflects the fact that in the final group of an integration ramp the GroupGap 
frames (or reads) are not executed – instead the detector is reset after the first NFrames 
reads of the final group are complete. 

We note that the frame time for NIRCam detectors applies both for reading all of the 
pixels and for resetting those pixels (pixel-by-pixel reads and resets are used). Because of 
this the cadence of data collection is very regular, the time between reset and read (and 
between consecutive reads) of a pixel is fixed and constant throughout an integration-
ramp and during any multi-integration exposure. The integration time is also constant 
across the detector (or subarray). These features are in contrast, for example, to the way 
the HST/WFC3 detectors are operated, and result in relatively higher duty cycles, 
predictable saturation limits, and better dynamic range. There are also no buffer dumps 
associated with collection of NIRCam (or other H2RG) data. (For some details/impacts 
of WFC3 detector operations on transit observations, see McCullough and MacKenty, 
2012 (STScI SR WFC3 2012-08), and Gibson et al. (2012, MNRAS 422, 753-760).) 
 


